suggest high prevalence of Vitamin D deficiency ranging from 70% to 100%. [9] The studies have shown that serum 25-hydroxyvitamin D (25OHD) levels of around 30 ng/mL are optimal for bone health and extraskeletal effects. [10] Both cholecalciferol (Vitamin D3) and ergocalciferol (Vitamin D2) have been used for the treatment of Vitamin D deficiency. However, there is lack of consensus regarding the dosing schedule to achieve this level and also the route of administration. The Endocrine Society recommends all adults who are Vitamin D deficient be treated with 50,000 IU of Vitamin D2 or Vitamin D3 once a week for 8 weeks or its equivalent of 6000 IU of Vitamin D2 or Vitamin D3 daily to achieve a serum 25OHD above 30 ng/mL, followed by maintenance therapy of 1500-2000 IU/d. [11] This recommendation does not take into account the severity of deficiency or the body weight of the individual. A study from India has shown that despite normalization of serum 25OHD after 60,000 IU oral weekly dose schedule, at the end of 12 months, all the subjects became Vitamin D deficient, once again. [12] A number of controversies exist regarding appropriate treatment strategy for Vitamin D deficiency: vitamin D3 versus Vitamin D2, oral versus intramuscular (IM) administration, fixed or titrated dosing strategy, lower daily dose or higher intermittent dose. [13] In addition, the long-term bioavailability data of parenteral Vitamin D are scarce.
This study evaluated the efficacy and tolerability of oral cholecalciferol (60,000 IU) versus IM cholecalciferol (300,000 IU) in correcting Vitamin D deficiency in Vitamin D deficient apparently healthy individuals working in a tertiary care hospital.
SubjectS and methodS

Subject selection and study protocol
This was a prospective, randomized, open-label single institution study in which 40 adults with Vitamin D deficiency were studied. Subjects were otherwise healthy resident doctors, nursing staff, and employees of the hospital without any overt symptoms of Vitamin D deficiency and other metabolic bone diseases who volunteered to be enrolled in the study protocol. Vitamin deficiency was defined as serum 25OHD levels <30 ng/mL. [14] Recruitment was done in the months of September to November. Subjects, with any disease, known to affect mineral metabolism were excluded from the study. Subjects with any chronic medical illnesses and chronic drug intake were excluded from the study. Before recruitment, a written informed written consent was taken from the study subjects and the study was approved by the Ethics Committee. Forty subjects with Vitamin D insufficiency/deficiency were recruited.
Twenty subjects selected by simple randomization done in the ratio of 1:1 (regardless of their Vitamin D status) were given oral cholecalciferol 60,000 IU weekly for 5 weeks, and other 20 were given injection of cholecalciferol 300,000 IU intramuscularly once. Single batch of both the oral and injection cholecalciferol was procured from identical pharmaceutical companies and used for the supplementation.
Investigations
Fasting blood samples were collected at baseline and at 6 and 12 weeks of intervention. Serum calcium (albumin-adjusted), phosphorus, alkaline phosphatase (ALP), 25OHD, and intact parathyroid hormone (iPTH) levels were measured at each visit. Serum calcium, phosphorus, and ALP levels were determined the same day. Sera for 25OHD and PTH were stored at −40° centigrade until measurement. Serum iPTH was determined by chemiluminescence method. Serum 25OHD was determined by radioimmunoassay method.
Statistical analysis
Numeric variables are presented using mean and standard error of mean. Data analysis was done using SPSS (version 14; SPSS, Inc., Chicago, IL, USA). Differences in serum 25OHD and other biochemical parameters at baseline and follow-up were analyzed using general linear model: mixed-effect regression model for between group comparison and repeated-measures ANOVA for within-group comparisons. P ≤ 0.05 was considered to be statistically significant.
reSultS
Forty subjects were enrolled into the study in groups of 20 each for the oral and IM cholecalciferol group. Table 1 compares the baseline characteristics of the intervention groups (oral vs. IM cholecalciferol). There was no difference in the baseline characteristics between the two groups. None of the subjects had baseline hypercalcemia.
Difference in 25-hydroxyvitamin D values over time between two groups
The mean serum 25OHD level at baseline was 5.99 ± 1.07 ng/mL and 7.40 ± 1.13 ng/mL in the oral and IM cholecalciferol group, respectively and was not statistically significant (P = 0.332). Serum 25OHD level increased to 20.20 ± 1.65 ng/mL at 6 weeks followed by decline to 16.66 ± 1.36 ng/mL at 12 weeks in the oral cholecalciferol group. Increase in serum 25OHD levels at 6 and 12 weeks from baseline was statistically significant (P < 0.001). However, there was no significant difference in the mean serum 25OHD at weeks 6 and 12 in the oral cholecalciferol group. In the IM cholecalciferol group serum, 25OHD levels increased to 20.74 ± 1.81 ng/ mL and 25.46 ± 1.37 ng/mL at 6 and 12 weeks, respectively. Within-group comparison using ANOVA showed a statistically significant difference in serum 25OHD levels at 6 and 12 weeks when compared to the baseline [ Table 2 ]. At 12 weeks, the mean serum 25OHD levels in IM cholecalciferol group were higher as compared to the oral D3 group (25.46 ± 1.37 vs. 16.66 ± 1.36 ng/mL; P < 0.001). Figure 1 shows the trend in 25OHD levels during the study period.
Difference in calcium values over time between two groups
Within-group comparison in both oral cholecalciferol and IM, cholecalciferol group showed significant changes in the serum calcium levels from baseline [ Table 2 ]. The mean serum calcium was 10.01 ± 0.15 mg/dL and 10.09 ± 0.15 mg/dL, respectively in the oral cholecalciferol and IM cholecalciferol group (P = 0.567) and showed significant decline at 6 weeks followed by rise at 12 weeks. The mixed-effect regression model did not show any statistically significant difference in the mean calcium levels between the oral cholecalciferol and IM cholecalciferol at 12 weeks (P = 0.680). Figure 2 shows the trend in serum calcium values during the study period.
Difference in alkaline phosphatase values over time between two groups
Within-group comparison in the oral cholecalciferol group did not reveal any statistically significant change in the mean ALP values at baseline, 6, and 12 weeks (166.73 ± 7.42, 167.53 ± 8.45, and 149.11 ± 8.21 IU/L, respectively; P = 0.137). However, the ALP levels showed a statistically significant progressive decline in IM cholecalciferol group (182.80 ± 7.79, 157.73 ± 8.99, 148.56 ± 8.21 IU/L, respectively; P = 0.027). There was no difference in the change in ALP levels at 12 weeks in between the oral cholecalciferol and IM cholecalciferol group (P = 0.271).
Difference in parathyroid hormone values over time between two groups
Mean PTH levels at baseline in the oral cholecalciferol and IM cholecalciferol group were 52.82 ± 8.51 and 69.92 ± 8.92 pg/mL, respectively (P = 0.335). Both oral and IM route led to significant reductions in PTH from baseline at 6 and 12 weeks [ Table 2 ]. Between-group comparison did not show any difference in PTH at 12 weeks between the oral and IM cholecalciferol group (P = 0.473). Figure 3 shows the iPTH levels at baseline and during follow-up in oral cholecalciferol and IM cholecalciferol group.
No adverse reaction such as injection site abscess, erythema, or cellulitis was reported during the study in either treatment groups. Serum calcium levels remained within normal limits in all patients at each time point in both studies. 
dIScuSSIon
Considerable confusion exists regarding the appropriate method for treatment of Vitamin D deficiency. The availability of multiple Vitamin D3 preparations (oral, parenteral) and lack of globally accepted repletion regimens further compound the problem. This study evaluated the response of different routes of Vitamin D3 administration (oral vs. IM) on serum 25OHD levels in apparently healthy adults with Vitamin D deficiency. In this study, both intervention groups showed improvement in serum 25OHD levels at the completion of the study. However, the IM cholecalciferol group showed a significant rise in 25OHD levels as compared to the oral cholecalciferol group.
The mean serum 25OHD level at baseline in the oral cholecalciferol group was 7.40 ± 1.13 ng/mL and increased to 20.20 ± 1.65 ng/mL at 6 weeks and then decreased to 16.66 ± 1.36 ng/mL at 12 weeks. Whyte et al. showed that the levels of 25(OH) D rise rapidly and peak about 1 week after dosing, and their peak is not sustained, if supplementation is not continued or if not started on maintenance dosage. [15] The mean 25OHD level at baseline in IM D3 group was 5.99 ± 1.07 ng/mL and increased to 20.74 ± 1.81 ng/mL at 6 weeks (nearly 3 times the baseline value) and 25.46 ± 1.37 ng/mL (nearly 4 times the baseline value) at 12 weeks. In this arm, about six subjects out of 20 achieved levels of > 30 ng/mL and 8 out of 20 achieved the level of 20 ng/mL. Mean serum 25OHD levels remained below 30 ng/mL in both oral and IM cholecalciferol group.
The mean serum levels of 25OHD achieved at 6 weeks were comparable in oral cholecalciferol and IM cholecalciferol group; however at 12 weeks, IM cholecalciferol group showed a higher 25OHD level (25.46 ± 1.37 vs. 16.66 ± 1.36). Mawer et al. have surmised that Vitamin D, that is, given orally associates with lipoproteins and enters the liver where some of it is metabolized by hepatic 25-hydroxylase and some gets inactivated. This can explain the greater but more transient serum 25OHD increases after a single oral dose of cholecalciferol. [16] Our results are similar to other studies comparing two different routes for Vitamin D supplementation. Cipriani et al. showed that oral dose of 600,000 IU of D2 or D3 is initially more effective in increasing serum 25OHD than the equivalent IM dose and is rapidly metabolized. [17] The depot IM preparation gets deposited in the injection site producing a slow and sustained release. [15] Zabihiyeganeh et al. demonstrated that considerable efficacy and safety of two different oral and injectable regimens utilizing a total dose of 300,000-IU Vitamin D3 in treating hypovitaminosis D. [18] They concluded that in the short-term oral preparations are effective in correction of Vitamin D deficiency. In our study too, the serum 25OHD levels at 6 weeks were comparable in the oral and IM D3 group. Leventis and Kiely compared oral and IM D3 replacement regimes (single dose 300,000 IU) in Vitamin D deficient subjects. [19] They concluded that 300,000-IU bolus of Vitamin D2 or D3 was safe, well tolerated, and resulted in sustained serum 25OHD response and efficacious PTH suppression. Diamond et al. showed that an annual IM injection of 600,000 IU cholecalciferol was safe and resulted in the normalization of 25OHD levels in all the participants and remained above 50 nmol/L throughout the study. [20] Tellioglu et al. demonstrated that in Vitamin D deficient/insufficient elderly, a single megadose of cholecalciferol increased Vitamin D levels significantly, and the majority of the patients reached optimal levels. [21] At the end of the study period, serum 25OHD levels were ≥30 ng/mL in all patients in IM group and in 83.3% of the patients in the oral group.
The studies have demonstrated that compliance to oral Vitamin D replacement is usually low. [22, 23] In adults with severe malabsorption or those in whom concordance with oral therapy is suspect, an IM dose of 300,000 IU calciferol monthly for 3 months followed by the same dose once or twice a year is suggested as an alternative treatment approach. [24] Single dose injectable Vitamin D is likely to improve patient compliance. In India, this will be cost-effective too as the cost of single injection of Vitamin D is approximately equal to one sachet of Vitamin D which is once a week therapy. This can pose a significant economic burden in a country like India, especially in lower socioeconomic population, where all family members might require treatment. The pharmacokinetics of IM D3 administration and lack of 25OHD fluctuations after IM administration makes it a suitable therapeutic option in individuals with obesity, malabsorption, and in individuals with problems related to compliance. [25] However, excessive doses and injudicious use of parenteral route might be associated with issues, such as hypercalcemia, hypercalciuria, and Vitamin D toxicity. [26] Two large community-based randomized controlled trials assessing the impact of annual doses of Vitamin D in elderly compared to placebo reported increased fracture rates in the Vitamin D supplement group. [27, 28] The authors speculated that high serum levels of Vitamin D or metabolites following the large annual dose followed by decline in the levels, or both might be causal factor involved in increasing the fracture risk. [27] Another reason forwarded was improved mobility following improvement in myopathy but the persistence of mineralization defect leading to increased risk of fracture. [28] Patients with Vitamin D deficiency often have elevated iPTH levels. In this study, the mean PTH level was not clearly elevated despite the presence of severe Vitamin D deficiency (69.92 ± 8.9 pg/mL vs. 52.83 ± 8.5 pg/mL). However, PTH values were in the high normal range and may be considered high looking at the age of the subjects. [29] Both arms showed statistically significant suppression of PTH from baseline. Several studies have shown that despite hypovitaminosis D, the PTH may not be elevated above the upper limit of normal in some individuals. [30, 31] The possible reasons for lack of PTH elevation in many patients with low circulating 25OHD level have been the subject of intense speculation, but no clear explanations have emerged.
There are certain limitations to the present study. The subjects were not blinded to the treatment and duration of follow-up was small. A longer follow-up could have better characterized the time course of decline or rise in 25OHD levels with time. Although we did not evaluate subjects for hypercalciuria using urinary calcium measurement, most recent studies from India and Turkey have failed to show any significant hypercalciuria in Vitamin D treated subjects. [32, 33] concluSIonS Both oral and IM routes are effective for the treatment of Vitamin D deficiency. In the IM cholecalciferol group, serum 25OHD levels showed a sustained increase from baseline. A larger randomized control trial utilizing a larger dose and longer duration of follow-up is needed to further characterize the pros and cons of the oral and IM route.
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